We incubated 11 strains of Staphylococcus aureus in a brain heart infusion broth at C with two inoculum sizes and examined their enterotoxin A (SEA) production by a Western blot analysis to clarify the effect of incubation temperature on SEA production. Although SEA was detected in the exponential phase at C, it was also detected in the stationary or death phase at 10 C. The maximal SEA concentrations of most strains increased as the temperature was increased, although some strains produced as much at 15 C and 20 C as they did at 37 C. The maximal SEA concentration was definitely lowest at 10 C, and as the temperature was increased, the production rate increased. However, a relationship between the production rates at the two different temperatures was not apparent. Some strains produced more SEA at [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] C with a smaller inoculum size than with a larger one. SEA production therefore did not necessarily depend on the incubation temperature, and it would be difficult to predict at 10 C and 15 C from the production at 37 C.
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The occurrence of staphylococcal food poisoning resulting from the ingestion of staphylococcal enterotoxin (SE) preformed in food is of concern.
1,2) An extensive staphylococcal food poisoning outbreak occurred in Japan in 2000 among patients who had ingested dairy products. Its cause was staphylococcal enterotoxin A (SEA) contamination of the products. 3) Staphylococcus aureus produces a wide variety of SEs (SEA-SEE, SEG-SEI, SER-SET). 4) SEs are heat stable and can withstand heating at 121 C for 10 min. 5) SEs can be produced in the temperature range of 10-50 C, 6, 7) with the optimum at 30-40 C, 8) the pH range of 4.8-9.0, 9) with the optimum at 5.3-7.0, 9) and the water activity (a w ) range of 0.87-0.99, 10) with the optimum at 0.90. 10) Of the SEs, SEA appears to be most frequently associated with food poisoning.
11) The minimal toxic dose of SEA for humans ranges from 20 to 100 ng. 3, 12) SEA can be produced in the temperature range of C, 7) the pH range of [5] [6] [7] 13) and the a w range of 0.87-0.96. 10) Temperature is an important factor in SEA production, and the effect of temperature on SEA production has been studied in liquid media 7, 10, 13) and various food products. [14] [15] [16] [17] [18] [19] Schmitt et al. have reported the growth of S. aureus and SEA production in a brain heart infusion (BHI) broth at 10-50 C. 7) Although SEA was detected at C, it was not detected at 10 C. Notermans and Heuvelman have reported the growth of S. aureus and SEA production in a BHI broth at 8, 12, 18 and 24 C, 10) SEA being detected at 12, 18 and 24 C, but not at 8 C. Scheusner et al. have reported the growth of S. aureus and SEA production in a BHI broth at 7, 13, 19, 26, 32, 39, 45 and 50 C, 13) SEA being detected after 16-98 h of  incubation at 19, 26, 32, 39, and 45 C, but not at 7, 13, and 50 C. However, SEAs were not quantitatively determined in these studies. The effect of temperature on SEA production has been studied in such food products as beef, egg-noodles, egg products, bacon, and dairy products. [14] [15] [16] [17] [18] Although there is no report that SEA was produced below 10 C in a liquid medium, Tatini has reported that S. aureus grew and produced a small amount of SEA in cooked ground beef, ham, and bologna at 10 C. 14) Gockler et al. have reported the growth of S. aureus and SEA production in egg-noodles at 15, 20, 25, 30 , and 37 C, 15) SEA being detected at all temperatures, and in the range of 1.7-19.2 ng/g at 15 C. Yang et al. have reported the growth of S. aureus and SEA production in egg products at 5, 18, 22, and 37 C, 16) SEA not being detected at 5 C and 18 C after 36 h of incubation but being detected at 22 C and 37 C after 12 h of incubation. The maximal SEA concentration was 64 ng/g after 36 h at 37 C. Lee et al. have reported the growth of S. aureus and SEA production in bacon at 20 C and 37 C, 17) 26-821 ng/g and 19-193 ng/g of SEA being respectively detected at 20 C and 37 C. They further estimated the amount of SEA per cell. 17) There have also been a few studies 16, 17) in which the maximal SEA concentration and the amount of SEA per cell were measured at various temperatures. However, there is no report of the relationship between SEA production and incubation temperature being examined in detail by using various strains.
The inoculum size is another important factor in SEA production. Staphylococcal food poisoning in Japan frequently occurs in such foods as rice balls and y To whom correspondence should be addressed. Fax: +81-3-5978-5755; E-mail: murata.masatsune@ocha.ac.jp Abbreviations: SEA, staphylococcal enterotoxin A; SE, staphylococcal enterotoxin; a w , water activity; BHI, brain heart infusion; RPLA, reversed passive latex agglutination; ELISA, enzyme-linked immunosorbent assay; CFU, colony-forming units; PBST, phosphate-buffered saline containing 0.05% Tween 20; agr, accessory gene regulator Japanese-style desserts that have been manipulated by hand. 19) It is therefore considered that S. aureus grows and produces SEA in foods, even though the contamination level from the hands and fingers is low. Although there has been no report of SEA being quantitatively determined in rice balls, the effect of inoculum size on SEA production has been examined in egg products and cheese. 16, 18) SEA was detected in egg products after 12 and 24 h of incubation at a respective inoculum size of 10 3 -10 5 and 10 1 CFU/g. 16) Although SEA was not detected in cheese even after 41 d of incubation at an inoculum size of 10 2 CFU/mL, it was detected after 2-5 h and 6 d at a respective inoculum size of 10 5 -10 6 and 10 3 -10 4 CFU/mL. 18) The maximal SEA concentration was 3.2 ng/g after 41 d at an inoculum size of 10 6 CFU/ mL. These results show that SEA production was influenced by the inoculum size, although only one strain was used in these studies. [15] [16] [17] [18] The effect of incubation temperature and inoculum size on SEA production has been examined by using 2-5 strains, although the effect of a combination of both factors has never previously been examined.
As an assay for SEA, the gel diffusion method, microslide technique, reversed passive latex agglutination (RPLA) method, enzyme-linked immunosorbent assay (ELISA) or Western blot analysis can be used to determine the concentration of SEA. The gel diffusion method or microslide technique have usually been used for detecting SEA in liquid media, [20] [21] [22] [23] while ELISA has been used in a few studies. 24, 25) However, the minimal SEA concentration that can be detected by the gel diffusion method or microslide technique is about 1 mg/mL. 13, 26) For example, Kato et al. 20) and Jarvis et al. 21) have determined the SEA concentration by the gel diffusion method. But the reported concentrations of SEA (1.0-8.2 mg/mL) were fairly large when compared with more recent studies on foods, [15] [16] [17] [18] suggesting that the specificity of the antibody used in these studies was low and that the estimated values were unreliable in terms of a quantitative analysis of SEA. It is considered that the concentration of SEA can be more precisely estimated by a Western blot analysis, because it is more sensitive and specific than other assays. 27, 28) However, few reports are available on the time-dependent change of SEA production measured by a Western blot analysis, 29) and we therefore consider it necessary to measure the concentration of SEA more precisely in a liquid medium.
Based on these factors, the purpose of this study was to clarify the temperature dependence of SEA production by using various SEA-producing strains. We used eleven SEA-producing strains and more precisely estimated the concentration of SEA in a liquid medium by a Western blot analysis. We also evaluated the effect of inoculum size on the SEA production at each temperature.
Materials and Methods
Staphylococcal strains. Eleven S. aureus strains producing SEA held in our laboratory were used in this study. S. aureus C-90 was isolated from food, and the eight strains, C-29, C-70, C-74, C-95, C-102, C-103, C-241, and C-271 were isolated from human hands. 30, 31) C-29#13 was a rifampicin-resistant strain derived from C-29, and C-77-L22 was a SEA-producing transformant containing a SEA gene insertion of strain C-29 which was derived from SEA non-producing strain C-77.
Liquid culture of S. aureus. A loopful of the bacterial culture from a slant was transferred to 5 mL of BHI broth (Difco Laboratories, Detroit, MI, USA), which was incubated at 37 C for 24 h while shaking at 140 rpm. After 50 mL of the bacterial culture had been transferred to 5 mL of the BHI broth, it was further incubated at 37 C for 16 h. This seed culture was inoculated into 5 mL of the BHI broth at the rate of about 10 2 and 10 6 CFU/mL, which was further incubated at 10, 15, 20 and 37 C while shaking at 140 rpm. Samples were withdrawn after various incubation times to determine staphylococcal count and SEA concentration. The number of bacteria was determined by colony-counting on mannitol salt agar plates (Eiken Chemical, Tokyo, Japan) and is expressed as colony-forming units (CFU).
Western blot analysis. Each cultured broth (100 mL) was centrifuged at 8;000 Â g for 10 min, and the resulting supernatant was used for the Western blot analysis. Purified SEA (Toxin Technology, Sarasota, FL, USA) was used as a standard to quantify the produced SEA amount (0.1 ng/mL-1.0 mg/mL). The Western blot analysis was performed as reported by Rasooly and Rasooly 27) with some modifications. Sodium dodecyl sulfate-polyacrylamide (15%) gel electrophoresis was run at 200 V and 20 mA for 1.5 h. The gel was then blotted for 50 min onto a nitrocellulose membrane (Toyo Roshi, Tokyo, Japan) at 2 mA/cm 2 using Horizblot AE6677P (Atto, Tokyo, Japan). The membrane was washed with phosphate-buffered saline containing 0.05% Tween 20 (PBST) and blocked with 0.6% skim milk in PBST for 45 min. The membrane was then incubated for 1 h with rabbit anti-SEA IgG (Sigma, St. Louis, MO, USA) that had been diluted to 1:10,000 (v/v) in PBST, before being incubated for 1 h with goat anti-rabbit peroxidase (Funakoshi, Tokyo, Japan) that had been diluted to 1:20,000 (v/v) in PBST. The immunoreactive bands were detected by using an ECL Western blotting analysis system (GE Healthcare Japan, Tokyo, Japan), before being scanned by Las-4000 (Fujifilm, Tokyo, Japan) and quantified by using Image J software (National Institutes of Health, Bethesda, MD, USA). The detection limit for this Western blot analysis was about 100 pg/mL in our hands.
Parameters for SEA production. Some parameters for SEA production were calculated to evaluate the production ability. The SEA concentration for each incubation time was divided by the cell number at the time to evaluate the amount of SEA per cell at each time. The rate of SEA production at each time was estimated by subtracting the SEA concentration at each time from the SEA concentration at the next time and dividing by the intervening time interval (h). The maximal value of each parameter (SEA concentration, amount of SEA per cell, and rate of SEA production) was used for comparing the potency to produce SEA.
Statistical analysis. A statistical analysis (Pearson's correlation coefficient) between the incubation temperatures (10, 15, 20, and 37 C) and parameters for SEA production was performed with Statcel 2 software (OMS, Tokorozawa, Japan) running on Excel 2010 (Microsoft, Redmond, WA, USA). The significance level was set at p < 0:05, all experiments being replicated at least three times.
Results and Discussion
Effect of incubation temperature on the growth of S. aureus and SEA production
The effect of incubation temperature (10, 15, 20 , and 37 C) on the growth of eleven strains of S. aureus and SEA production was first examined with two inoculum sizes, 10 2 and 10 6 CFU/mL. Figure 1 shows the growth and SEA production by S. aureus strain C-70 with an inoculum size of 10 2 CFU/mL and incubation temperatures of 10, 15, 20, and 37 C. SEA produced by C-70 was detected after 3 weeks of incubation at 10 C (Fig. 1A) , 5 d at 15 C (Fig. 1B) , 30 h at 20 C (Fig. 1C) , and 8 h at 37 C (Fig. 1D) . SEA was first detected when the bacterial population of C-70 reached 7:1 Â 10 7 CFU/mL at 10 C, 2:2 Â 10 9 CFU/mL at 15 C, 9:1 Â 10 6 CFU/mL at 20 C, and 2:6 Â 10 7 CFU/mL at 37 C. The growth and SEA production by the other ten strains were similarly examined. SEA produced by these eleven strains was detected after 3 weeks of incubation at 10 C, 3-8 d at 15 C, 30-58 h at 20 C, and 6-8 h at 37 C with an inoculum size of 10 2 CFU/mL. Figure 2 similarly shows the growth and SEA production by S. aureus C-70 with an inoculum size of 10 6 CFU/mL at incubation temperatures of 10, 15, 20, and 37 C. SEA produced by C-70 was detected after 3 weeks of incubation at 10 C ( Fig. 2A) , 2 d at 15 C (Fig. 2B) , 8 h at 20 C (Fig. 2C) , and 2 h at 37 C (Fig. 2D) . SEA was first detected when the bacterial population of C-70 had reached 1:5 Â 10 7 CFU/mL at 10 C, 2:7 Â 10 8 CFU/mL at 15 C, 2:4 Â 10 8 CFU/mL at 20 C, and 1:5 Â 10 7 CFU/mL at 37 C. SEA produced by eleven strains was detected after 2-5 weeks of incubation at 10 C, 2-4 d at 15 C, 8-30 h at 20 C, and 1-2 h at 37 C with an inoculum size of 10 6 CFU/mL. We thus found that all the strains produced SEA even at 10 C regardless of the inoculum size, although longer incubation time was needed and the maximal concentration of SEA at 10 C was far less than at other temperatures. As the incubation temperature was raised from 10 C to 37 C, S. aureus grew and produced SEA more rapidly with both inoculum sizes. SEA reached a concentration of 50-300 ng/mL after 24 h of incubation at 37 C in our experiments. Gomez-Lucia et al. have reported that five strains of S. aureus produced 11-34 ng/mL of SEA in BHI broth after 24 h of incubation at 37 C. 24) Smith et al. have reported that two strains of S. aureus produced 88-103 ng/mL of SEA in tryptic soy broth after 16 h of incubation at 37 C. 32) The strains used in this study produced more SEA than those used by Gomez-Lucia et al. 24) and produced as much as those used by Smith et al. 32) There have been a few reports on SEA production by several SEA-producing strains in foods. For example, Halpin-Dohnalek et al. 33) have reported that five strains of S. aureus produced 7-31 ng/ mL of SEA in cream. Gomez-Lucia et al. 34) have compared the amounts of SEA produced by two strains in mayonnaise, one of which did not produce SEA, while the other strain produced 45.5 ng/100 g of SEA.
There was thus a significant difference in the amount of SEA among the strains. These results indicate that SEA production depended on the intrinsic properties of each strain and on environmental factors.
The profiles for SEA production of the eleven strains were then compared at 10, 15, 20, and 37 C with two inoculum sizes of 10 2 and 10 6 CFU/mL. Figure 3 shows the growth and SEA production of three strains, C-102, C-74 and C-241, with an inoculum size of 10 6 CFU/mL at 10 C. SEA produced by C-102 was detected after 3 weeks of incubation when the bacterial population had reached a maximum of 1:2 Â 10 8 CFU/mL (Fig. 3A) . SEA produced by C-74 was detected after 2 weeks of incubation before the bacterial population had reached a maximum (Fig. 3B) . Although SEA produced by C-241 was not detected after 3 weeks of incubation when the bacterial population had reached a maximum count of 8:8 Â 10 7 CFU/mL, it was detected after 5 weeks of incubation (Fig. 3C) . SEA was detected earliest with C-74 and latest with C-241. Different patterns of SEA production were therefore apparent among these three strains. The patterns of SEA production with the other eight strains were similar to that of C-102. Furthermore, all the strains produced SEA with an increase in the bacterial population from 10 6 CFU/mL to 10 8 CFU/mL. SEA was therefore first detected after the bacterial populations had increased by about 100 times the initial level in the all cases. Although several previous studies have reported that SEA was synthesized during the exponential and stationary phases, 29, 35) C-241 produced SEA during the death phase as well as the exponential and stationary phases at 10 C. Three similar patterns for SEA production were observed with an inoculum size of 10 2 CFU/mL (data not shown) like those with an inoculum size of 10 6 CFU/mL, although not every strain showed the same pattern with the two inoculum sizes of 10 2 and 10 6 CFU/mL. SEA was detected at the times when the bacterial populations had reached their maxima for strains C-95 and C-90 with an inoculum size of 10 2 CFU/mL, while SEA was detected before the maximal bacterial populations had reached for strains C-29, C-271, C-74, C-29#13 and C-77-L22. SEA was detected during the stationary or death phase for strains C-70, C-102, C-103, and C-241. The bacterial populations of all the strains had increased from 10 2 CFU/mL to 10 6{8 CFU/mL before SEA was detected. The maximal populations of all the strains with an inoculum size of 10 2 CFU/mL were larger than those with an inoculum size of 10 6 CFU/mL. More strains produced SEA before reaching the maximal bacterial population with an inoculum size of 10 2 CFU/mL than that with 10 6 CFU/mL. At 15, 20, and 37 C, all the strains started to produce SEA during the exponential phase with both inoculum sizes of 10 2 and 10 6 CFU/mL. The variation in pattern of SEA production at 10 C among all the eleven strains was larger than that at 15, 20, or 37 C. At a lower temperature such as 10 C, SEA is believed to be produced during the stationary and death phases as well as during the exponential phase regardless of the inoculum sizes.
Effect of incubation temperature on some parameters associated with SEA production
The effects of incubation temperature on three parameters (the maximal SEA concentration, amount of SEA production per cell, and rate of SEA production) associated with SEA production were examined with the two inoculum sizes. The maximal SEA concentrations produced at incubation temperatures of 10, 15, 20, and 37 C were first compared among the eleven strains (Table 1) . With an inoculum size of 10 2 CFU/mL, the maximal SEA concentrations were 5-33 ng/mL at 10 C, 7-149 ng/mL at 15 C, 47-211 ng/mL at 20 C, and 49-286 ng/mL at 37 C. The maximal SEA concentration produced by most strains at 15 C and 20 C was less than that at 37 C. However, C-103 produced more than 100 ng/mL of SEA at 15 C and 20 C, this being similar to the level at 37 C. C-29 produced twice as much SEA at 15 C and 20 C as that at 37 C. With an inoculum size of 10 6 CFU/mL, the maximal SEA concentrations were 4-12 ng/mL at 10 C, 19-238 ng/ mL at 15 C, 68-204 ng/mL at 20 C, and 48-302 ng/ mL at 37 C. The maximal SEA concentration produced by most strains at 15 C and 20 C was less than that at 37 C. This finding is similar to that with an inoculum size of 10 2 CFU/mL. However, at 15 C and 20 C, C-29#13 and C-77-L22 produced more than 100 ng/mL of SEA, similar to the level at 37 C. Furthermore, C-29 produced twice as much SEA at 15 C and 20 C as that at 37 C. It was apparent that some strains (C-29 and C-103 with an inoculum size of 10 2 CFU/mL, and C-29, C-29#13 and C-77-L22 with an inoculum size of 10 6 CFU/mL) produced as much or more SEA at 15 C and 20
C than that at 37 C, although a longer incubation time was required for SEA production with decreasing incubation temperature. There has been no previous report describing that any strain produced as much or more SEA at 15 C and 20 C than that at 37 C. Our finding suggests that it would be difficult to predict the amounts of SEA produced at 15 C and 20 C from that produced at 37 C. If food contaminated by these kinds of strain was preserved at [15] [16] [17] [18] [19] [20] C, the maximal SEA concentration might not be lower than that at 37 C. However, the amounts of SEA produced by all the strains at 10 C were far less than those at 37 C. SEA production was clearly repressed by controlling the incubation temperature to 10 C, supporting the principle that food should be preserved below 10 C.
9)
The results obtained were used to examine the relationships between the incubation temperature and the maximal SEA concentration. Table 1 shows the relationships between the incubation temperature and the maximal SEA concentration for each strain. Significant relationships were observed for strains C-70, C-90, C-102, C-241 and C-77-L22 with an inoculum size of 
10
2 CFU/mL, and for strains C-70, C-74, C-90, C-95, C-102 and C-241 with an inoculum size of 10 6 CFU/ mL. Although the incubation temperature had a significant influence on the maximal SEA concentration, no relationships were apparent for about a half of these strains. The maximal SEA concentration seems to have been dependent on the intrinsic properties or type of strain in addition to the incubation temperature. The relationships between the two maximal SEA concentrations at two different incubation temperatures among 10, 15, 20, and 37 C were then examined (Table 2) . A significant relationship was apparent between the two maximal SEA concentrations at 20 C and 37 C (R = 0.719) with an inoculum size of 10 2 CFU/mL. With an inoculum size of 10 6 CFU/mL, significant relationships were found between those at 15 C and 20 C (R = 0.846), at 15 C and 37 C (R = 0.754), and at 20 C and 37 C (R = 0.607). Although a relationship between the incubation temperature and the maximal SEA concentration of the eleven strains was observed (R = 0.70), there were no relationships between the two maximal SEA concentrations in most combinations of two different incubation temperatures. These results suggest that the temperature dependence on the maximal SEA concentration differed among the strains.
The amount of SEA per cell of each strain was next evaluated at each incubation temperature. With an inoculum size of 10 2 CFU/mL, the amounts of SEA per cell were 0.06-14. C, 17) these values being similar to our results. The relationship between the incubation temperature and the amount of SEA per cell was then examined. We did not find any relationship between the incubation temperatures (10, 15, 20 , and 37 C) and the amounts of SEA per cell in the eleven strains (R = 0.19), nor any relationship between the amounts of SEA per cell in any combination of two different incubation temperatures among 10, 15, 20, and 37 C (Table 2) . These results suggest that temperature regulation would not necessarily reduce the amount of SEA produced by one cell.
The rates of SEA production by each strain were then evaluated at incubation temperatures of 10, 15, 20, and 37 C. With an inoculum size of 10 2 CFU/mL, the rates of SEA production were 0.01-0.116 ng/mL/h at 10 C, 0.1-3.4 ng/mL/h at 15 C, 1.5-11.3 ng/mL/h at 20 C, and 10.1-49.5 ng/mL/h at 37 C. With an inoculum size of 10 6 CFU/mL, the rates of SEA production were 0.007-0.024 ng/mL/h at 10 C, 0.1-4.0 ng/mL/h at 15 C, 2.7-10.9 ng/mL/h at 20 C, and 28.9-89.9 ng/ mL/h at 37 C. The rate of SEA production thus increased as the incubation temperature increased with both inoculum sizes of 10 2 and 10 6 CFU/mL. These results were then used to examine the relationship between the incubation temperature and the rate of SEA production. There was a relationship between the incubation temperature (10, 15, 20, and 37 C) and the rate of SEA production by each of the eleven strains (R = 0.86), but no relationship between the rates of SEA production in any combination of two different incubation temperatures among 10, 15, 20, and 37 C (Table 2 ). These results show that it would be difficult to predict the rate of SEA production at such a low temperature as 10 C and 15 C from that at such a high temperature as 37 C, although the rate of SEA production declined with reducing temperature.
Effect of inoculum size on the growth of S. aureus and SEA production
We have already described that the inoculum size (10 2 CFU/mL and 10 6 CFU/mL) influenced SEA production. At incubation temperatures of 15, 20, and 37 C, C-70 produced SEA earlier in the case of an inoculum size of 10 6 CFU/mL than that of 10 2 CFU/mL ( Figs. 1 and 2) . Similarly to C-70, the other ten strains produced SEA earlier with an inoculum size of 10 6 CFU/mL than with an inoculum size of 10 2 CFU/ mL. These results concur with those of Meyrand et al. 18) However, incubation at 10 C resulted in SEA being produced by C-70 at the same time with both inoculum sizes (Figs. 1A and 2A) . SEA produced at 10 C by most strains was also detected at the same time with both inoculum sizes.
The maximal populations of all the strains at 10 C and 15
C with an inoculum size of 10 2 CFU/mL were larger than those with inoculum size of 10 6 CFU/mL. At 20 C as well as at 10 C and 15 C, the maximal populations of most strains with an inoculum size of 10 2 CFU/mL were larger than those with inoculum size of 10 6 CFU/mL; this seems to explain why some strains produced more SEA with an inoculum size of 10 2 CFU/mL than of 10 6 CFU/mL at 10, 15, and 20 C (Table 1) . Yang et al. 16) have reported that the maximal SEA concentration with increasing an inoculum size at incubation temperatures of 22 C and 37 C. However, the maximal SEA concentration of some strains in this study did not increase or decreased with increasing an inoculum size at incubation temperatures of 10, 15 and 20 C. Our results suggest that the maximal SEA concentration did not directly respond to the inoculum size and that the effect of inoculum size on SEA production was dependent on the incubation temperature.
Effect of inoculum size on some parameters associated with SEA production
The effects of two inoculum sizes of 10 2 and 10 6 CFU/mL on three parameters (the maximal SEA concentration, amount of SEA per cell, and rate of SEA production) associated with SEA production at each incubation temperature were examined. Figure 4 shows the relationships between two maximal SEA concentrations at two inoculum sizes of 10 2 and 10 6 CFU/mL. A significant relationship between the maximal SEA concentrations at two inoculum sizes was apparent at 37 C (Fig. 4C) . However, at 15 C (Fig. 4B) , there was no relationship between the maximal SEA concentrations at the two inoculum sizes. Table 3 similarly shows the correlation coefficients between the maximal SEA concentrations with two inoculum sizes of 10 2 and 10 6 CFU/mL, the amounts of SEA per cell with two inoculum sizes, and the rates of SEA production with two inoculum sizes. There were significant relationships at 10, 20, and 37 C between the maximal SEA concentrations at two different inoculum sizes (R = 0.627, 0.654, and 0.993, respectively). A significant relationship was apparent at 10 C between the amounts of SEA per cell at two different inoculum sizes (R = 0.695), and there was also a significant relationship at 37 C between the rates of SEA production at the two different inoculum sizes (R = 0.707). These results show that the maximal SEA concentration with a smaller inoculum size could be predicted from that with the larger inoculum size at 10, 20 and 37 C. However, there were no relationships between three parameters (the maximal SEA concentration, amount of SEA per cell, and rate of SEA production) with the two different inoculum sizes at 15 C. This result shows that the SEA concentration at an incubation temperature of 15 C with an inoculum size of 10 2 CFU/mL could not be predicted from that with an inoculum size of 10 6 CFU/mL. The SEA production of each strain was therefore individually influenced by the inoculum size at 15 C. Our results clearly show that the SEA production by S. aureus was influenced by the intrinsic property of the strain as well as by the incubation temperature and inoculum size. It would thus be difficult to predict the SEA production at 10 C and 15 C from that at 37 C. Although it seems that the maximal SEA concentration with a small inoculum size could be predicted from that with a large inoculum size at 37 C, some strains produced more SEA below 20 C, even though the contamination level was low. We therefore needed to measure the amount of SEA produced at each temperature and inoculum size for each strain. We do not know the mechanism for regulating SEA production and why each strain differently responded to the incubation temperature in respect of SEA production. Although our knowledge about the gene expression of SEA is very limited, sea expression seems to be regulated differently from that of seb, sec and sed, and not to be affected by the accessory gene regulator (agr).
36) The sea gene is carried in the bacterial genome by a polymorphic family of temperate bacteriophages. 37) Furthermore, prophages not only facilitate the dissemination of virulence genes, but also take part in regulating the expression of the genes. 38) SEA is considered to be at least partially produced as a consequence of prophage induction of the sea-phage. Although bacteriophage-encoded SEA is the toxin most frequently reported to be involved in staphylococcal food poisoning, we still have limited information about the relationship between phage induction and SEA production. It will therefore be necessary to examine the relationship between the phage induction and SEA production of each strain at various incubation temperatures.
In conclusion, our results show that SEA production did not necessarily depend on the incubation temperature and that it would be difficult to predict SEA production at 10 C and 15 C from that at 37 C. We suggest that SEA production would be strongly influenced by the intrinsic properties of a strain as well as by the incubation temperature and inoculum size. Strict temperature control below 10 C is therefore needed to repress the production of SEA.
